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Abstract
An insulated solar electric cooker, or ISEC, converts solar energy into electricity to cook food,
boil water, provide heat or even help charge batteries. In this project, the focus is an ISEC with a
phase change material (PCM) that helps store heat when the solar energy input is minimal, such
as after the sun has set. Although a successful ISEC already exists that utilizes PCM, this product
can be improved in many ways. The specific revisions investigated in this report are the
improvement of the thermal efficiency with the implementation of a vacuum-sealed outer pot, the
reduction of the overall manufacturing costs, and a more user-friendly consumer experience.
These revisions can help millions worldwide by providing a safe and inexpensive alternative to
biomass fuel cooking which is inefficient and unsafe without proper ventilation. The ISEC can
alleviate this problem with an environmentally conscious and easy-to-use solar-powered cooker.
The final product is thermally efficient, intuitive to use, and low-cost so that it can be easily
manufactured and deployed in its final iteration. There are several areas in which the former ISEC
was improved, and the group focused on bolstering these functions to create a highly functional
and efficient operating system. This Final Design Report documents the team’s efforts towards
designing, manufacturing, and testing a new and improved iteration of the Insulated Solar Electric
Cooker.
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1.0 Introduction
Our team is a committed group of mechanical engineering students who all have a passion for
sustainable engineering. Sachin Gokhale is a fourth-year energy resources concentration who aims
to work in the renewable energy field after earning his degree. Brendan Lynn is a fourth-year
mechanical engineering student concentrating in energy resources and minoring in mathematics
who also hopes to work with renewable energy after graduation. Richard Nguyen is a fifth-year
mechanical engineering student concentrating in manufacturing with an ambition of using his
manufacturing skills to give back to those in need. Simon Ford is a fourth-year mechanical
engineering major who is concentrating in general engineering. He is a passionate cyclist, climber
and environmentalist.
Each year, two million people die as a result of burning biomass fuels to cook or even heat their
homes (Bruce). This is where ISEC has the potential to change the world as we know it. ISEC
stands for insulated solar electric cooking. Since 2015, Dr. Pete Schwartz and his team at California
Polytechnic University, San Luis Obispo have been developing insulated cookers that are
inexpensive and have the potential to provide clean cooking means for people in every corner of
the world. Dr. Schwartz has reached out in search of a team that can redesign the current ISEC
into a cooker that can be mass produced, is durable, and still inexpensive enough to be accessible
for people from every socioeconomic background. The following Final Design Report will
document the research, objectives, ideation, manufacturing, and testing of an Insulated Solar
Electric Cooker.

2.0 Background
To better understand the task at hand, research on customer needs, similar patent designs,
comparable products, and academic journals was conducted. The research gathered from these
areas gives insight on the current ISEC, its functions, and ways that it can be improved.

2.1 Customer needs
The core function of the ISEC is that it needs to be able to cook food, and ideally, cook food well.
Initial iterations of this cooker heated food directly using resistors or diodes powered through a
solar panel (Schwartz). With this design, cooking is limited to only during the day with direct
sunlight. More recent ISEC designs adopted the use of a phase change material which allows for
heat storage, making cooking without sunlight possible after being charged (Christler). However,
for the ISEC to be considered by our intended customers, it must be comparable, to a degree, to
the current preferred cooking methods. The burning of biomass fuels, while harmful as previously
mentioned, has the benefit of providing quick heating at any given time. After meeting and
discussing with Dr. Schwartz, the team determined that one of the most important goals for the
product is to be able to store, retain, and use heat within the ISEC more efficiently (Schwartz).
Making a solar powered cooker that is inexpensive is another key goal. With the hopes of making
ISECs more accessible to underdeveloped parts of the world, we must consider that an hourly wage
of $1 is not uncommon. The ISEC should be able to be made with readily available and locally
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sourced materials. A more cost-effective ISEC allows for greater dissemination of solar-powered
cooking technology. To gain a better understanding of the current product and its competitors, we
searched for five different solar heaters as shown in Table 1.

2.2 Product research
Table 1. List of ISEC comparable products currently on the market.
Item Name
All American Sun Oven
Sun Kettle Water Heater
GoSun Sport Solar Cooker
Sun Spot Solar Oven
Solar Cooker

Total Cost [$]
369
67
249
79.95
181

Manufacturer/Distributer
Sun Oven
4Patriots
Go Sun
Home Science Tools
Wish

In addition, to obtain a better understanding of possible solutions to the required goals, research
was conducted on patents. These patents give an insight on technologies that may be relevant and
applicable to the ISEC. A list of the researched registered patents is tabulated below in Table 2.
Table 2. List of researched patents comparable to previous ISEC design.
Patent Number
US4203427A
US20090133688A1
CN201448888U
US20160161150A1
US20110206818A1

Patent Name
Portable Solar/Non-solar Cooker
Solar Cooking Pot
Solar Cooker
Solar Powered Cooking Device
Solar Oven and Method of Solar Cooking

Patent US4203427A tackles the problem cooking outside of direct-sunlight hours through
modularity of the cooker that allows for more conventional heat sources (Way). The insulated
housing has a removeable portion that has allocated space for heating methods such as a small
camping stove or a charcoal fire.

-2-

Figure 1. Patent US4203427A; solar cooker designed to cook outside of direct-sunlight hours.
Patent US20090133688A1 is powered by absorbed solar radiation (La). The insulation of this
cooker allows for cooking without direct solar exposure by retaining heat from previously
absorbed radiation.
Patent CN201448888U is a compact assembly comprised of a solar panel, battery, controller, and
an electric furnace (张同伟). The solar panel powers the electric furnace for cooking during direct
sunlight hours and charges the battery for cooking at a later time.
Patent US20160161150A1 uses a solar collector to transfer heat from a heating fluid to a heating
element (Zintel). This cooker also allows for the use of a second energy source, in the form of
more conventional heating methods, to provide additional heat to the heating element.
Patent US20110206818A1 heats up through absorbed solar radiation (Walters). A thermosiphon
transfers heat throughout the enclosure.

2.3 Technical research
A main resource for the overall project scope was a paper written by our sponsor Dr. Peter
Schwartz and other authors, named Insulated Solar Electric Cooking – Tomorrow’s healthy
affordable stoves? To focus on the specifics of the choice between resistive heaters and diode
chains, we used an article titled “Hot Diodes!: Dirt Cheap Cooking and Electricity for the Global
-3-

Poor?” and one named “An Investigation of Diode Failure”. These gave us much of the necessary
details to understand why diodes were substituted for the original resistive heaters. “How Solar
Cells Work” was referenced for specifics of the photovoltaic cells that are used to power the ISEC.
To find similar technical challenges to this project, we used the paper A Model of an Improved
Low-Cost Indoor Solar Cooker in Tanta. A past senior project paper gave us insight in the current
and past models of the solar cookers: Insulated Solar Electric Cooker with Phase Change Thermal
Storage Medium.
It is important to understand the basic construction of the former ISEC. An aluminum cookpot is
either directly connected to a heat source or sits inside a “nest”, which is the bottom half of an
identical aluminum cookpot that is connected to the heat source. The main point of the “nest” is to
allow for easy removal of the cookpot for serving and cleaning. The heating source is either a
resistive heater or a chain of diodes, specifically 1N5402 rectifier diodes (Gius 8). These are
thermally attached to the bottom of the pot with a high temperature epoxy (such as J.B. Weld) and
an optional layer of 0.25 mm thick aluminum foil to minimize “hot spots” and increase thermal
conductivity. A KSD9700 thermostatic switch is wired to the heating element on one side that will
shut off the diodes once the temperature reaches 180 °C. Both sides are then wired to the solar
panel, which is a GS-STAR-100W high efficiency polycrystalline photovoltaic module solar
panel. This assembly is surrounded by some means of insulation, such as common fiberglass
insulation that one would find in the walls of a home. It is also a good idea to insulate the top of
this assembly to further reduce heat loss. An example of an ISEC without the top layer of insulation
is shown in Figure 2.

Figure 2. Example of a current ISEC made by Dr. Schwartz, featuring a lid with a straw for
allowing condensation to escape and fiberglass insulation surrounding the cookpot. (Gius 4)
There are two former models of the ISEC: one with a phase change material and one without. Each
of these designs feature a chain of diodes used for heating the cook pot. As mentioned above, the
original version of this device utilized a nickel chromium resistive heating element in order to
directly heat the food (Gius 2). However, these resistors only drew a maximum power from the
connected solar panel at a max power point voltage, which occurs at precisely one solar intensity.
Usually, voltage control is accomplished with a max peak power tracking (MPPT) charge
-4-

controller. At all other solar intensities, the resistors drew a reduced power. For diodes, the voltage
drop is nearly independent of current, which means they can draw the maximum power across a
large range of solar intensities. Even though this is the case, resistive heaters have continued to be
the primary method of heating due to easier manufacturing and preference for users. One main
drawback of the diode method is a limit on the allowable temperature of the diodes (Unger et al).
Rather than exceeding the maximum rated current of the diodes, they will simply overheat and fail
(Adams 10). To combat this, a thermostatic switch is required on the cookpot to avoid the diodes
or resistive heater overheating.
From the research of Dr. Peter Schwartz and Nicholas Adams, it was found that insulating and
thermally anchoring the diodes to the cookpot greatly increases the thermal efficiency of the ISEC.
It was also determined that too few is better than too many diodes since the voltage of the solar
panel may not be large enough to open the diodes if there are too many. Short, thick wires proved
better than long, thin wires because the voltage drop across long, thin wires adds voltage demand
on the solar panel, which reduces power output (Gius 7). However, resistive heaters do not require
coiling wires together as would be necessary for using diodes, which proves to be a major benefit.
2.3.1 Applicable codes, standards, and regulations:
For an ISEC, it is important to use a safe and reliable product. Most importantly, this includes
avoiding food contamination and ensuring healthy internal temperatures for properly cooked food.
The food within the solar cooker must reach temperatures that will prevent undercooking and
foodborne illnesses according to FDA standards. With regards to the phase change material, it is
important that there is no penetration of the phase change material into the cookpot where the food
is cooked. The external temperatures of the ISEC should also stay low to avoid burning the user.

American Standards:
FDA Food Code

Commercial cooking standard

IPC-A-610

Acceptability of Electronic Assemblies

NEC 2014

Comprehensive electrical safety design, installation, and
inspection requirements

International Standards:
HS 8541

Diodes, Transistors and similar semi-conductors import

HS 85414011

Solar Cell import
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3.0 Objectives
This section will establish the goals, evaluation criteria, and deliverables for the consumer ready
ISEC project.

3.1 Problem Statement
Dr. Peter Schwartz, a professor at Cal Poly and a practitioner of sustainability, needs a way to
provide developing countries with access to an efficient solar powered cooker that can be
manufactured with inexpensive and readily available materials. This is because a large population
of the world does not have access to more modern cooking technologies and cooking through the
burning of biomass can be detrimental to human health and the climate.

3.2 Proposed Solution, Boundary Diagram
Our solution to this problem has already been in development for several years. It is a product
upon which we hope to improve in terms of both functionality and accessibility: The consumer
ready ISEC (Insulated Solar Electric Cooker). Figure 3 shows a rudimentary boundary diagram
for the ISEC device.

Figure 3. Boundary Diagram of engineering solution for the problem faced.
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3.3 Product Specifications
The customer needs for the ISEC are simple. The ISEC needs to be:
•
•
•
•
•
•
•
•
•

Easy to build, convenient to use, and attractive to users.
Inexpensive to build with accessible components and tools.
Temperature self-regulating through use of a thermal fuse and thermal switch.
Free of toxic chemicals or byproducts.
Hot to a temperature of 190 ℃ after six hours of charging; 160 ℃ after three hours off.
Compact, with ability to move inside or outside if necessary.
Well insulated so outer boundary is not hot to touch.
Simple and easy for users to interact with.
Inexpensive to repair and durable enough to last many years of good use.

In order to address and test each of these needs in the planning process, a QFD House of Quality
was created for the ISEC (Appendix A). The QFD process allowed the team to examine each of
these customer needs and workshop ways in which these needs can be tested and addressed. After
first listing the above customer needs, ways to address/quantify these needs were listed and crossreferenced with the needs themselves, and a test was developed to address each need. Below is a
table defining our Engineering Specifications.
Table 3. Design Specifications
Spec #

•
•
•
•
•
•

1
2
3
4
5

Specification
Description
Easy to assemble
Inexpensive
Portable
Insulated
Large

6

Durable

Requirement or
Target
< 3 hours
< $100
< 70 lb.
< 70 ℉ on outside
Approx. 300 in3
internal vol
> 10 ft drop test

Tolerance

Risk

Compliance

30 min
$20
20 lb.
5℉
50 in3

Med
High
High
High
High

Test
Analysis
Inspection
Inspection
Inspection

2 ft.

Med

Test

Spec 1 – Easy to assemble – This spec was tested by assembling the ISEC with as few
tools as possible and timing the process.
Spec 2 – Inexpensive – This spec was tested by summing the costs of all the equipment
and materials required to build the ISEC.
Spec 3 – Portable – This spec was tested by weighing the assembled ISEC.
Spec 4 – Insulated – This spec was tested by using a thermocouple to record the
temperature of the outside of the ISEC during and after cooking.
Spec 5 – Large internal volume – This spec was tested by calculating the internal volume
of the assembled ISEC.
Spec 6 – Durable – This spec was tested by dropping the ISEC from various heights and
monitoring the functionality of the machine.
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4.0 Concept Design
The process for the concept ideation began with completing a functional decomposition of an ISEC
to determine all the basic functions that are required for proper use. This allowed the group to
analyze each function independent from the others. From here, concept models were constructed
to convey and visualize ideas. Pugh matrices were then formed for each function in order to
evaluate different designs according to relevant customer needs. The Pugh matrices, shown in
Table 4 and Appendix C, ranked the design solutions to the individual functions found through
function decomposition. The final concept, and the direction for our team, was determined by
evaluating different design configurations in a morphological matrix and scoring them using a
weighted design matrix. The morphological matrix, shown in Table 5A, combined all of the
function design solutions from the Pugh matrices and outputted five system-level design solutions
for the ISEC. Finally, the weighted decision matrix ranked these five options according to the
original function criteria, and the top ranked option was selected as the final design concept. This
process is described in detail below.

4.1 Concept Development/Ideation and Function Concept Prototypes
As a part of the overall design concept process, it is necessary to begin by identifying the base
functions of the team’s ISEC project through the creation of a functional decomposition. This
functional decomposition consisted of breaking down the ISEC into its main base functions as
shown in Figure 4. Each function was carefully selected by referencing customer wants and needs.
In addition, the ISEC was distilled beyond its current form to truly understand which portions are
essential for a solar cooker to perform at a high level. From this function tree, we found our main
functions of the solar cooker: it must provide safety for the user, optimize the space it occupies,
retain heat, resist impact, and absorb solar energy.

Figure 4. Functional decomposition tree with all main design functions.
After discovering the base functions of our project, each member of the team spent some time to
create around 4-6 ideation models that each represented a solution to one of the functions from the
functional decomposition, as shown in Figure 5. These various ideation models were created
without consideration of practicality or feasibility, and each was completed in around 15 minutes
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with basic ideation modeling materials such as foam board, cardboard, hot glue guns, and X-acto
knives. This was the first step in allowing the team to visualize implementing the different function
solutions together into many system level concept designs. All of the ideation models are in
Appendix E. along with a description of the through process behind each.

Figure 5. Two examples of ideation models created to target a solution for a base function of the
insulated solar cooker. One targets interaction with the user with an attached solar panel (left)
and one targets improved thermal efficiency with aluminum struts in the phase change material
space between the inner and outer pot(right).

4.2 Concept Approach: Pugh, Morphological and Weighted Design Matrices
The next step in determining the final design concept was to create Pugh matrices that created
concepts addressing each function, a morphological matrix that combined different functions into
various system level concepts, and a weighted decision matrix that compared these full, system
level concept designs based on the customer specifications from the QFD.
4.2.1 Pugh Matrix
To evaluate different ideas for each specific function, a Pugh matrix was used. For a given
function, one idea is called the “datum” and serves as a benchmark for evaluating the other ideas.
The criteria for scoring are based on relevant wants and needs taken from the QFD. Ideas that are
determined to be better than the benchmark in a category are given a + score, and ideas that are
determined to be worse than the benchmark are given a – score. A score of S is given when an
idea’s performance is considered equal to the datum. The scores are tallied up for each idea to
compare their overall performance to the benchmark.
The team developed four Pugh matrices for each of the following functions: provide safety, retain
heat, optimize size, and resist impact. The Pugh matrix and scoring for retaining heat is tabulated
in Table 4. From the matrix, it can be observed that the best performing ideas for heat retention
are a stainless-steel insulated top, a mylar insulated top, and a fiberglass insulated top. The Pugh
matrices for the other three functions are documented in Appendix C; the heat retention matrix is
included here as an example for convenience and reference.
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Table 4. Pugh matrix for heat retention function of ISEC.
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4.2.2 Morphological Matrix
Table 5A. Morphological Matrix to Determine ISEC Design Concept

The morphological matrix was used to select design solutions for each individual function that was
considered to be most crucial for the operation of the ISEC. After creating the matrix displayed in
Table 5A, solutions from each row were selected strategically to formulate five different possible
design-level solutions. These five ideas are presented below in Table 5B.

- 11 -

Table 5B. Final five systems-level solutions for the new ISEC design.

The results of the morphological matrix are presented above; these are the five system-level design
solutions that resulted from analysis of the matrix. From this stage, the next step was to sketch
each of these complete designs in order to start the process of ranking them in terms of
functionality and feasibility.
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4.2.3 Concept Sketches
Once the ideation process had produced ideation sketches, through brainstorming and
collaboration, the team worked to develop the final concept sketches to better understand system
level functionality.

Figure 6. Concept sketch of ISEC Design Solution 1.
The focus of the above design was to creatively implement the stainless-steel lid with the pullstring top. The ISEC features attached wheels so the cooker can be easily transported, possibly in
and out of the house. Additionally, the ISEC utilizes a thermal fuse and switch for temperature
regulation as both a safety concern and a thermal control system. This design is portable and easy
to use but is potentially not durable or stable.
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Figure 7. Concept sketch of ISEC Design Solution 2.
This focus of Design Solution 2 was maximizing insulation. Making heat retention the leading
design factor led to choosing multiple layers and forms of insulation. There is aerogel insulation
around the pots, an enclosure that seals and provides additional insulation, and layers of fiberglass
for even more insulation on the top. However, based on our customer needs, we determined that
cost would be one of the most important factors, and so this design is not feasible.

- 14 -

Figure 8. Concept sketch of ISEC Design Solution 3.
Design Solution 3 utilizes foam insulation as well as a locking mechanism for the sealed top in
order to contain the heat. It is also part of a modular structure that would allow for cooking in the
top position as well as a side position that would allow for cooking of food traditionally cooked
on a baking sheet.

Figure 9. Concept sketch of ISEC Design Solution 5.
To allow for better consumer interface, design solution 5 would allow for an installation of an
ISEC within the normal microwave space in a kitchen. The PCM material is paired with spray
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foam as thermal insulation. A locking mechanism on top provides safety and furthers heat
conservation.
Design Solution 4 became what is now our final concept design, described in depth in section
4.3.
4.2.4 Weighted Design Matrix
Once five concepts were chosen using the morphological matrix, a concept sketch was drafted of
each potential design to better understand the key qualities and drawbacks of each. These sketches,
Figure 6 through Figure 9, were then analyzed along with the information from the Pugh matrices
to assign a point total to each design. The final sketch is pictured in Figure 10, as it was the final
selection. Each concept was tested against the customer needs described in the QFD. Through
decisive and thorough discussion, all five designs were ranked, and the final design was picked as
shown in the weighed design matrix in Appendix D. The fourth design was chosen because it best
met all of the criteria. In addition, it excelled at thermal efficiency and safety.
The two lowest scoring designs were Idea 5 and Idea 3. Idea 5 was intended to be a replacement
for a normal kitchen microwave. This idea was born out of the desire to have a convenient kitchen
appliance but fell short of some of the more important parameters. Idea 5 would be challenging to
clean because of the front-loading nature and would not be portable. Idea 3 fell short on safety,
durability, and ease of assembly. Although this design was aesthetically pleasing, it was one of the
most complicated designs and would require additional components such as bearings, shafts, and
extra mounting hardware. For this reason, it scored quite low.
Idea 2 and Idea 1 were very similar in their scores. Both ideas scored average for most criteria, but
Idea 1 was a standout for ease of assembly, transportability, and ease of cleaning. The incorporated
wheels and simple design were important design characteristics. For idea 2, this was deemed the
most expensive because of the inclusion of Aerogel fiberglass insulation. However, it scored very
similarly to our top choice and as such was the second-place choice. In the next section, a
description of the final design is provided.
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4.3 Final Concept Design

Figure 10. Final concept design determined from weighted decision matrix.
Our final concept design features what were determined to be the most cohesive, efficient, and
feasible solutions for each function of the ISEC. Our final design features a vacuum-sealed inner
pot, fiberglass insulation, a thermal fuse and thermal switch, a press-fit locking mechanism, and a
modular storage system for the solar panel.
The final concept design will use erythritol, a type of melted sugar, as a “phase-change material”
(PCM). The erythritol is poured into the gap between the outer and inner pot, and significantly
helps the ISEC retain heat over long periods of time, even after the solar panel is no longer exposed
to direct sunlight.

- 17 -

Figure 11. Our final concept prototype hooked up to our initial testing device.
The vacuum-seal on the inner pot is a design concept directly requested from our sponsor, Dr.
Schwartz. Due to his interest and belief that this mechanism can be one of the simplest and most
efficient ways to retain heat, the group found it necessary to include this in the final design concept.
The inner pot, which houses the food, is a vacuum-sealed vessel that minimizes heat loss from the
pot contents before, during, and after cooking.
The fiberglass insulation on the lid is yet another solution designed to minimize heat loss and
bolster the heat retention of the ISEC. Fiberglass is relatively inexpensive and can easily be fitted
to the outer lid of the pot to provide another layer of insulation to the cooker.
The thermal fuse and thermal switch are safety features designed to regulate the temperature of the
ISEC. The thermal switch will turn off at 180 ℃ and will turn back on at temperatures below 140
℃, and the thermal fuse is destroyed at 220 ℃ which will interrupt the electric current. This
temperature regulation ensures the ISEC will not overheat and will operate at consistent
temperatures during usage.
The press-fit locking mechanism is designed to keep the inner pot stable during transportation and
to bolster the overall safety and durability of the device. The inner pot will “snap” into a ringshaped metal clasp made to securely fit the inner pot, thus keeping the inner pot steady during any
potential translations or rotations. This both improves the useful life of the ISEC and decreases the
chances of spilling the inner contents of the pot.
- 18 -

The modular storage design allows the solar panel and the ISEC to be stored as one single unit.
This improves the overall functionality of the device, as users do not have to keep track of two
separate units; rather, the solar panel can simply fold inwards and be stored with the ISEC to
improve the efficiency and intuition of the user experience.
These functions will work cohesively and systematically to create a system-level design solution
that is safer, more efficient, and easier to use than the current ISEC used by Dr. Schwartz. The
ISEC team is confident that the introduction of these new design solutions will allow the ISEC to
reach levels of functionality far beyond the reach of the current product.
A CAD model of the final concept design is shown in Figure 12. The purpose of the CAD model
was to convey the overall shape and form of the design. For that reason, the model does not include
the cooking pot nor the thermal fuse and switch.

Figure 12. CAD model of final concept design.

4.3 Potential Hazards and Risks
Before continuing in the current design direction, the team considered the potential risks associated
with the proposed system design. The Design Hazard Checklist in Appendix G outlines that the
main risks arise from the hot inner pot of the ISEC that the user will interact with every use since
this product is meant to be used on a daily basis for cooking purposes. The hazards and risks of
using hot pots and utensils are outlined in a training procedure that will be required before using
the ISEC, along with standard operating procedures for the required tools for building the solar
cooker and general use of the cooker (testing). These safety documents have been completed and
can be requested for reference if necessary. Another potential risk in this design is the possibility
of failure due to long periods of exposure to high temperatures from the resistive heater itself and
exposure to extreme conditions from the surrounding atmosphere since the unit is designed to be
used outdoors. This issue of failure is addressed by choosing materials that will be durable enough
to withstand cooking temperatures for the lifetime of the ISEC and can withstand humidity, heat,
wind, etc. from the environment.
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4.4 Preliminary Testing and Results
To verify that a vacuum sealed ISEC would meet the thermal resistivity requirements of this
project, some preliminary testing was carried out. Thermal resistivity, sometimes called the Rvalue, is a measure of how heat is conducted through a material. To get an estimate of this value,
a test bench was set up. The experiment consisted of vacuum-sealed container with a plastic top
and fiberglass surrounding the entire thing. Inserted into the top was a thermometer. 300 ml of
boiling water was added to the container and temperature measurements were taken every 10
seconds for 10 minutes. This experiment was then repeated on a standard stainless-steel vessel.
The data was used to solve for the resistivity using a steady-state, one dimensional heat transfer
model diagramed in Appendix F. A plot of the exponential decay of temperature in each vessel is
shown below. This plot tells a clear story that the temperature of the water in the vacuum-sealed
vessel stayed hotter for longer. In addition, the thermal resistivity was calculated to be
approximately 7.69 K/W, compared to a value of 0.213 K/W calculated for one of the original
ISEC designs in 2017.
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Figure 13. Temperature decay versus time for the standard stainless-steel vessel and a vaccumsealed vessel.

5.0 Final Design
After consulting with our sponsor Dr. Schwartz, the ISEC team continued to iterate on our concept
design. The goals of these intermediate improvements to the design were to make the design more
feasible for manufacturing, cheaper, and in-line with our sponsor’s vision. After critical analysis
and removal of subsystems and processes deemed unnecessary, the team was left with a thermally
efficient yet simple design for the Insulated Solar Electric Cooker.
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5.1 Final Design Description
The main changes made from the concept design to the final design for manufacturing were
removal of systems deemed unnecessary or too costly for the project’s scope. The group reviewed
the goals of the project (to create an easy-to-assemble, efficient solar cooker for under-resourced
communities) and aligned our concept design to this standard.
5.1.1 Changes from Final Concept Design
The first system from the concept design to be removed was the press-fit locking mechanism at
the bottom of the outer insulation. While the team believed this mechanism to be a secure yet
intuitive way for the user to remove the cooking pot (for cleaning, serving, etc.), consultation with
Dr. Schwartz revealed a design flaw. When the cooking pot is removed from the erythritol bath,
the erythritol could shift and harden in the pot, making it potentially impossible to get the cooking
pot back in. The team originally planned on a “nest” component between the erythritol and cooking
pot, but this was scrapped too for weight and simplicity’s sake. The final design simply has the
cookpot placed into the erythritol bath, with a gasket on top between the rim of the cooking pot
and the rim of the vacuum sealed vessel (covering the erythritol).
Next, the team decided to do away with the outer housing. The outer housing (a 5-gallon bucket)
was deemed unnecessary due to the efficiency of the vacuum-sealed pot housing the cooking pot.
Additionally, removing the outer housing significantly improved the aesthetic appeal of the ISEC.
Removing the outer housing decreased the total weight, improved aesthetic appeal, and increased
portability while maintaining the same level of thermal efficiency.
The final change made to the concept design was replacing the fiberglass lid insulation with
mineral wool. Mineral wool is very similar to fiberglass in appearance and functionality, but is
more heat-resistant and has a lower thermal conductivity than that of fiberglass. For these reasons,
the team implemented mineral wool as the material for the lid insulation.
An updated CAD model of the final ISEC design is shown in Figure 14. For the sake of
simplification, the model does not include the thermal switch or fuse.
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Figure 14. Updated CAD model of final design.
5.1.2 Summary of Final Design
This paragraph will summarize the final design of the ISEC. The ISEC consists of three
subsystems: the cooking pot, the vacuum-sealed vessel, and the solar panel. The solar panel is
connected to the inner cooking pot through long wires with attachable clips. The wires run through
the lid of the vacuum-sealed vessel where they then connect to the resistive heater on the bottom
of the cooking pot. The resistive heater lies on the bottom of the cooking pot, held in place with a
strong epoxy (JB Weld, 450℉). The resistive heater is also wired in series with the thermal fuse
and thermal switch, which are glued to the side of the cooking pot with epoxy. An aluminum heater
shield is epoxied to the bottom of the cook pot to shield the resistive heater from the PCM. The
vacuum sealed vessel is filled with the PCM, molten erythritol. The entire cooking pot (with
resistive heater, thermal fuse, and heater shield attached) sits in the molten erythritol such that the
molten erythritol rises nearly to the brim of the cooking pot. A gasket covers the gap between the
edge of the cooking pot and the inner wall of the vacuum-sealed container. Images of the ISEC
structural prototype are included below for reference.
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Figure 15. ISEC structural prototype exterior (solar panel not pictured).

Figure 16. ISEC structural prototype interior.

5.2 Design Functionality
The Insulated Solar Electric Cooker does as its name suggests; the ISEC connects to a solar
collector panel to transform sun radiation to thermal energy, which is then used to cook food. A
schematic is provided below for reference.
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Figure 17. Schematic of the phase-change material ISEC.
The cooking is achieved through connecting the solar panel to a resistive heater located beneath
the cooking pot. Located between the cooking pot and the outer vacuum-sealed container is the
molten erythritol bath. This is the phase-change material (PCM). This allows the ISEC to store
thermal energy long after the solar panel is no longer exposed to direct sunlight so that cooking
during dark hours is not only doable, but time efficient. This is done when the electrical energy
from the solar panel and heater melts the PCM, so that the thermal energy in the PCM can be
transferred to the food after dark.
The ISEC also has safety measures in the form of the thermal switch and thermal fuse. The thermal
fuse is destroyed at 220℃, which prevents overheating (at temperatures above 220℃, the thermal
fuse will burn up and stop supplying the ISEC with power). The thermal switch, which serves as
a temperature regulator, turns on at 140℃ and turns off at 180℃, effectively stopping the circuit
to allow power to the ISEC.
The PCM ISEC serves as an efficient way to store solar energy from sunlight hours to be used for
cooking in dark hours. The molten erythritol between the cooking pot and the vacuum sealed
container stores thermal energy, which can be used again later to speed up the cooking process.

5.3 Design Evidence
The vacuum-sealed vessel is the one component in our design with the least variability. After
speaking with our sponsor, we agreed that the vacuum-sealed was the direction we wanted to go
with. An area of concern with vacuum-sealed containers is the amount of heat loss through the lid.
This is where we shifted our focus to. We considered a number of different materials for insulating
the top of the ISEC, but the main ones were stainless steel, mylar, fiberglass, and mineral wool.
We calculated the amount of heat flux through the top due to conduction for varying thicknesses
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for each material. These values are shown in Table 7 and the respective thermal conductivities for
each material is tabulated in Table 6. The stainless-steel options would be the easiest to maintain
and clean, but they have the most heat flux through the top, making them the worst options for
insulation. The mylar, while cheap and with a good thermal conductivity, is easily damaged. Mylar
is also a very thin material, making the calculations for the larger thicknesses irrelevant.
Comparing the mineral wool to fiberglass, we can see that the mineral wool has a better thermal
conductivity value, making it the best option for our design.
Table 6. Thermal conductivity values for selected materials
K
[W/m-K]
16.20
16.30
0.04
0.15
0.035

Material
304 Stainless Steel
316 Stainless Steel
Fiberglass
Mylar
Mineral Wool

Table 7. Heat flux due to conduction for varying thicknesses and materials
Tambient (C)
20
Thickness
(in)
0.018
0.024
0.030
0.036
1.000
2.000
3.000

Ts (C)
200
Thickness
(m)
4.57E-04
6.10E-04
7.62E-04
9.14E-04
2.54E-02
5.08E-02
7.62E-02

Heat Flux (W/m2)
304 SS

316 SS

6377940
4783455
3826764
3188970
114803
57401
38268

6417310
4812983
3850386
3208655
115512
57756
38504

Fiberglass
15748
11811
9449
7874
283
142
94

Mylar
59055
44291
35433
29528
1063
531
354

M. Wool
13780
10335
8268
6890
248
124
83

5.4 Safety, Maintenance, and Repair Considerations
Because the ISEC is intended to be used daily and in people’s homes, safety is one of our top
priorities. We previously addressed the potential hazards, but to fully ensure that safety is a
consideration incorporated in our final design, we performed a failure modes and effects analysis
(FMEA), which is attached as Appendix M. Through this analysis, we were able to assess potential
failures of our design, the effects of those failures, potential causes of failure, as well as
preventative measures. The FMEA also let us to determine which failures would be the most severe
and which failures would be the most likely, allowing us to prioritize more detrimental failure
modes.
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The potential failure mode that is the most concerning to our team is a failure in the thermal switch
or fuse. This failure would result in the ISEC being heated to temperatures well beyond the
recommended operating temperatures. Potential causes to this failure would be faulty components,
corrosion, or thermal shock. From our analysis, we determined the best preventative actions to be
to utilize high temperature wires, shield all electrical connections, and inspect components before
installation. Unfortunately, due to the nature of the components, there is no good way to detect
whether the thermal fuse has failed. Our team recommends regularly taking temperature readings
and always monitor the ISEC when in use.
It is important to maintain the ISEC to prolong the life of the product and ensure proper
functionality. Because most of the components are sealed, regular visual inspection is
recommended. Cables should be free of damage, the erythritol should be properly sealed between
the cooking pot and vessel, and the mineral wool should be fully protected to prevent
contaminating the food. If there are any issues, the ISEC should not be used, and the problem
should be assessed. Any damage to the internal parts will require removal from the vacuum-sealed
vessel and replacement. This will require either chipping or grinding away the epoxy.

5.5 Summary Cost Analysis
One of the ISEC team’s major goals was to keep manufacturing costs low for the ISEC, and this
was achieved. Though it may seem the ISEC is too expensive to produce, one must consider the
vast reduction in cost for all of these parts if they were to be ordered in mass quantities, which is
extremely feasible for each item. Due to the nature of this project, the team ordered each product
individually from online retailers, which is a significantly more costly approach.
Table 8. Simplified purchase list for the ISEC prototype.

Pictured above is a simplified version of the complete Purchase List, which is included for
reference in Appendix L. The most expensive purchase parts were the solar panel and the vacuum
sealed container. As noted above, both items are easily purchasable in great quantities from either
the manufacturers themselves or Alibaba. However, in individual quantities, the relative quality of
machinery needed to manufacture these parts leads to a large price tag. Also, worth noting is that
Purchases 1, 5, and 7 provided the team with enough of their respective item(s) for several more
ISECs, meaning the overall cost of one ISEC is overstated here.
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5.6 Remaining Design Concerns
There are a few lingering concerns regarding the ISEC design moving forward. The team does not
consider these concerns to be extremely urgent or of great worry, but are aspects of the design the
team would like any further ISEC engineers to consider.
The first remaining concern is the material of the cooking pot. Although stainless steel was found
to be less thermally efficient than aluminum and other materials in preliminary testing, the cooking
pot currently used in the ISEC is still made from stainless steel. The pot was selected due to its
well-fitted size with respect to the vacuum-sealed container. A similar sized pot made out of a
more thermally efficient material such as aluminum would be more advantageous for the overall
ISEC design.
Similarly, a larger vacuum-sealed container would be ideal to increase the volume of the cooking
pot (thus increasing the amount of food that can be cooked at once). This is another objective for
following ISEC engineers to investigate to improve our current design even further.

6.0 Manufacturing
A primary goal of the consumer ready ISEC is to allow anyone the chance to build one. Thus, the
manufacturing necessary for this project was minimal. Most components in our design were
purchased from various vendors; however, we needed to manufacture the lid cover to better
conserve thermal energy produced by the cooker. Even though most parts were purchased
commercially, the assembly of the ISEC was not trivial. The drawings for the insulated lid cover
as well as the specifications for the purchased components are attached in Appendix L.

6.1 Material Procurement and Final Budget
Due to the nature of the project, nearly all components that make up the ISEC were purchased
from third party vendors. The specific purchased components and their corresponding retailers can
be found in Table 8 in a simplified list. Appendix J contains a more detailed bill of materials. The
remaining materials were obtained from our sponsor, Pete Schwartz.
The final design prototype closely followed the budget outlined in Section 5.5 Summary Cost
Analysis, with some minor changes that arose from the slight design modifications. The largest
purchases over the length of the project were the data acquisition system, the solar panel, the
vacuum sealed vessel, and the rock wool insulation. Our senior project team is just one part of a
community that is dedicated to working on the research and improvement of the ISEC. Because
of this, many of the materials we have purchased will be used or are already being used by other
students and researchers working towards a similar goal, so the cost of the materials we procured
is once again overstated. For example, the rock wool purchased for the final prototype was enough
for approximately 20 more ISEC tops, and the data acquisition system (DAQ) will be used for
testing and data collection indefinitely after our project is complete. The final project budget can
be found in Table 9 and the final prototype purchase list is shown in Table 8.
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Table 9. Final Project Budget
Purchase #

Total Price

Itemized List

Vendor

1

$47.49

Rock Wool

Grainger

2

$43.78

JB weld, gasket, heating element

Home Depot

3

$21.54

Inner cook pot

Dicks

4

$47.81

Stanley Vacuum Sealed

Amazon

5

$150.74

DAQ

Amazon

6

$11.74

JB Weld, Alligator Clips, Bucket

Home Depot

7

$23.68

Aluminum Pot x2

Target

8

$16.68

High Heat Wiring

Amazon

9

$38.67

JB Weld, Hacksaw, Holesaw

Home Depot

Total:

$402.13

6.2 Manufacturing
In terms of manufacturing, we plan to use a gasket maker to construct a gasket that will be placed
between the inner cooking pot and the vacuum-sealed vessel that will serve as the erythritol cover.
The top cover that will be placed on top of the pot assembly will be made of rock wool, which has
a lower thermal conductivity than that of fiberglass insulation or mylar, which have been used in
previous designs. This rock wool will be covered to prevent contamination of food in the inner
pot. The first portion of manufacturing is cutting the resistive heater to the correct length, as
pictured below.

Figure 18. A multimeter used to measure the resistance of the heating element. With a resistance
of about 4 ohms, the heater should see 3 amps.
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All the materials needed to make the ISEC were purchased at local hardware stores, or through
online vendors if needed. The manufacturing is next to none for this project. This is not an accident.
To keep the project simple and accessible, at most some parts are lightly modified. However, no
specialty tools are mandatory to complete this project well. Small pliers, to cut wire as shown in
Figure 19, and a small hand-held saw are the extent of the equipment needed.

Figure 19. The finalized connection between the switch, fuse and leads
to the solar panel. Between the fuse and the lead there is a copper crimp
which was added after inconsistent electrical connections during the
initial testing period.
Once the internal electrical has been dealt with, silicone RTV is used to seal the PCM and the inner
pot. Small adjustments may be made to accommodate different size inner pots, but this can be
remedied with larger amounts of RTV, and several coats as shown in Figure 20.
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Figure 20. The final vessel, with the leads poking out of the RTV and PCM.

6.3 Assembly
The assembly of the consumer-ready ISEC is not trivial, but it is simple enough so that anyone
who pleases can build one of their own. The IME senior project team also working with our
sponsor on the ISEC is detailing this process in the construction manual, which can be found here.
A few basic tools are needed for the construction of the PCM ISEC, including needle nose pliers,
metal shears, a hammer, and a digital multimeter. The necessary materials are listed in detail in
Appendix J but include the inner pot and vacuum-sealed pot, a resistive heating element, erythritol,
thermal switch and thermal fuse, high temperature wire, and insulation.
The assembly process is summarized as follows:
•

•

•

•

Cut the resistive heating element to the correct length that will result in a resistance of 3.54.0 Ohms and attach short lead wires to the resistive heater by crimping the short copper
tubing around the interwoven heater and center wires.
Glue the flat side of the resistive heater to the bottom of the inner pot with high temperature
epoxy (J-B Weld) and cover with a sheet of aluminum for better thermal conductivity and
a longer lifetime.
Connect the thermal switch and thermal fuse in series to one lead coming from the resistive
heater and glue to the side of the inner pot with J-B Weld. All wire leads should be fully
covered with epoxy to prevent corrosion in the erythritol while in use.
Connect a longer wire lead to the short lead from the resistive heater and to the thermal
fuse. These will run through the erythritol and out of the ISEC to the solar panel.
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•

Pour liquid erythritol into the vacuum-sealed vessel and place the inner pot inside so that
the height of the erythritol is flush with the top of the inner pot. Allow the erythritol to
crystalize and fill remaining gap between the inner pot and vacuum-sealed pot with gasket
making material.

6.4 Challenges and Recommendations
During the process of manufacturing, we ran into a few challenges that required us to rethink our
approach. Our prototype had connection issues between the wires, thermal fuse, and thermal
switch. The copper crimps that were initially used were not sufficient to hold a strong connection
once submerged into the erythritol, and these connections came loose after assembly. Another
significant challenge we faced was the issue of wire corrosion from the molten erythritol. After
assembly, we learned that the wires being used were dissolving from the phase change material,
requiring us to investigate different wires or a way to shield or protect the wires.
Based on these challenges, we formulated some recommendations for future manufacturing of the
ISEC to ensure efficiency and simplicity of building. Our first recommendation is to use JB weld
liberally to coat the connections between the thermal fuse, thermal switch, and wires. We learned
that the JB weld does not interfere with the electrical connection and applying more of it can ensure
that the connection stays in contact. Additionally, after new data was discovered after our first
design iteration, it is highly recommended to use PFA coated wires and silicon tubing to prevent
the erythritol from corroding the wires and connections. This can add significantly to the useful
life of the ISEC.

7.0 Design Verification
There are six main specifications that are required of a satisfactory Insulated Solar Electric Cooker
(ISEC). Out of these six mentioned in Table 3, five have been selected to be tested for customer
satisfaction. The first is ease of assembly. The ISEC must be assembled in around three hours,
with minimal hand tools. The second specification is cost. All components must be purchased for
less than $100 USD. This is important to guarantee the ISEC can remain available to a global
customer base. Additionally, the ISEC must be cool to the touch (less than 70℉), it must be
approximately 300in2 and it must be durable with an ability to withstand a 10ft drop. The last
specification and the newest design criteria is a thermal conductivity value of less than 0.15 W/m2.
Table 10. List of updated design specifications.
Specification
Description
Easy to assemble
Inexpensive
Insulated
Large
Durable
Thermal conductivity

Requirement or Target
< 4 hours
< $100
< 70 ℉ on outside
Approx. 300 in3 internal vol
> 10 ft drop test
K < .15 [W/K]
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To adequately assess if our design meets these specifications, we must test our current prototype
rigorously. The following portion will outline each test, and its specifics required to carry out all
design verifications, along with the results from each corresponding test.
Test 1: Ease of Building
The simplest test is to understand the complexity of our design and the amount of time needed to
build it. This test was conducted while the PCM (phase-change material) ISEC was being
assembled in the Team F44 senior project room in the Bonderson building at Cal Poly. The
equipment needed includes all the parts needed to build the PCM ISEC as well as a stopwatch to
log the time elapsed.

Figure 21. Team member (Sachin) during the ease of building test to determine the length of the
entire construction process.
The results of this test were satisfactory, as it took three hours to complete the building of the PCM
ISEC, which is well within the allowable goal of four hours. This shows that the assembly process
of the ISEC with PCM is quite straightforward for capable young adults. The same cannot
necessarily be said for any ISEC constructor, but it is assumed that most if not all of the individuals
building these solar cookers have considerable technical experience, which would decrease this
time for building even further.
Test 2: Affordability
To quantify the affordability of the ISEC, a strict budget will be kept. It is important to note that
not all the materials collected are the cheapest available, rather the most commonly found in this
particular area. However, the goal for this test remains: build a complete ISEC for under $100.
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Labor and other costs (such as electricity and tools needed) will not be included because many
tools are optional and are simply used to reduce effort and time to assemble. Excluding the solar
panel, the total cost of one single ISEC came in at $71.26 using many materials from our sponsor
Dr. Pete Schwartz. The project budget will show a higher number since we used the same materials
for multiple prototypes and other collaborating groups’ ISEC projects.
Test 3: Size
As outlined in Test 5 in Appendix I, the ISEC must have an internal volume of at least 300 in3.
This is important for its ability to cook a versatile number of foods, and so that the resistive heater
can bring the food and PCM up to temperature with the solar panel it is designed for. This test
consists of internal measurements of the cooking vessel.
This requirement of an internal volume of 300 in3 could not be met due to the restrictions of the
total volume of the vacuum-sealed vessel being utilized in the current design. We failed to find an
internal cooking pot with the correct diameter to fit into the vacuum-sealed container that had a
large enough depth to meet the volume requirements. The current internal volume is 150 in3, which
is significantly less than the desired value. This shortcoming in our updated PCM ISEC design is
a point of interest for future ISEC researchers.
Test 4: Durability
The original specification was to build an ISEC that is durable against drops of at least 10 ft.
However, due to limited supply of fully built ISECs, this test cannot be carried out in its original
form. Instead, the ISEC will be fully dissembled once it is out of use and only then will the drop
test and other rigorous durability tests be carried out. Regardless, the most important durability
comes from daily use, which is part of the design plan already.

Figure 22. Example of team member using the ISEC to cook meals daily.
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The PCM ISEC has been used by each of the senior project team members for daily cooking for
most of the duration of the senior project timeline. Figure 22 showcases a meal of beans and rice
cooked using the prototype PCM ISEC. It has proven to be sufficiently durable for all typical daily
uses such as heating, transporting, and cleaning. There is no numerical data for this test result, but
the design passed this specification qualitatively.
Test 5 & 6: Thermal Conductivity
The research team executed a rudimentary test of the thermal conductivity of a vacuum sealed
vessel on the originally functional prototype. This test was driven by an assumption that the
temperature change in the ISEC while it boiled water was small enough that we could assume the
system had reached steady state. Upon analysis of our results in Figure 13, this assumption was
incorrect.
To improve the model, a steady state system was created using a DC power supply. As outlined in
Appendix I, Test 1, in addition to power supply rated to at least 5 Amps, a fully built vacuum
sealed ISEC was required with a data acquisition system (DAQ) to collect the data. With the
resistive heater hooked up to the DC power supply, a steady state internal temperature was
achieved by modulating the power input. Once this point has been achieved, the temperature
difference at this moment in time was used to calculate the thermal conductivity. We collected
temperature data and performed a data analysis to find the uncertainty of our measurements. This
constituted Test 5 and was one of two thermal conductivity tests.
To correctly analyze the thermal conductivity of the overall PCM ISEC, a second thermal test was
conducted in which boiling water was added to the empty vacuum-sealed container and the
temperature decrease over time was documented. This test, Test 6, was conducted to assess the
quality and validity of the vacuum-sealed vessel by itself. Test 6 consisted of three parts: the stock
plastic top, the new rock wool top, and no top on the ISEC.
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Figure 23. Results of Test 6 with the empty vacuum-sealed vessel
using the plastic top and the rock wool top.
- 34 -

80

The results of these tests were satisfactory, with both tests showing a thermal conductivity less
than the required 0.15 W/K. Test 5 resulted in a thermal conductivity of 0.12 W/K while Test 6
resulted in 0.114 W/K. Uncertainty propagation for this test is included in Appendix N. Even
though these results met the desired specifications, the rock wool top did not perform as well as
our team and our sponsor had hoped. The stock plastic top was only slightly worse than the new
design of the rock wool top. Figure 23 shows the change in temperature over time that was
observed by this test.
To summarize the results of the design verification tests, a table is provided below with the
corresponding required specifications. More details can be found in Appendix I in the Design
Verification Report.
Table 11. Summary of results from design verification testing.
Specification
Description
Easy to assemble
Inexpensive
Insulated
Large
Durable
Thermal conductivity I
Thermal conductivity II

Requirement/Target
< 4 hours
< $100
< 70 ℉ on outside
Approx. 300 in3 internal vol
> 10 ft drop test
k < 0.15 W/K
k < 0.15 W/K

Test Result
3 hours
$71.26
Cool to the touch
150 in3
Durable through daily use
k = 0.12 W/K
k = 0.114 W/K

Moving forward, we recommend further testing of a rock wool insulation to determine if this
material is suitable and thermally efficient enough to provide lid insulation for the ISEC. From our
testing, it is unclear if the rock wool is sufficiently insulative for the lid design. Additionally, we
recommend continued research into vacuum-sealed vessels to find a container that fits our internal
volume specification for an affordable price.

8.0 Project Management
Throughout the duration of this design challenge, a strict design process was followed. We started
with an in-depth background research to develop a deep understanding of current products,
technical specifications, and customer needs. As the scope became apparent, our team moved
forward with an ideation model, then a solid model using CAD programming, and finally built a
prototype that served as an investigative tool. Following the completion of this prototype, we
received feedback from our sponsor Dr. Schwartz, our advisor Dr. Elghandour, and our fellow Cal
Poly peers. This allowed the team to move forward with our design to begin testing for product
verification. The overall project design schedule is outlined in detail in the form of a Gannt Chart
in Appendix B.
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Table 12. Outline of key deliverables over the project timeline.
Due Date
2/11
3/20
4/1
5/20
6/10

Key Deliverables
CDR
Testing
Final prototype building
Final Testing
FDR

As a part of this unique timeline, early prototypes were developed so a true understanding of an
ISEC’s abilities, shortcomings, and user experience, can be discovered. By building and regularly
using a previous ISEC design, a personal connection was be made to the product itself, which
lends greatly to an in-depth understanding of the design problem at hand. In addition to early
prototype testing, rigorous testing was performed throughout the design process to validate our
design, as outlined in our QFD.
Over the course of the project, this timeline was followed closely, and the team did not fall behind
on key deliverables. Final prototype building was done over the course of one day (see Design
Verification – Ease of Building), and final testing was completed over the course of three weeks.
All of these deliverables were fully accomplished on time, allowing for a smooth transition into
this Final Design Report.

9.0 Conclusion
This Final Design Report outlined the documented process of determining, testing, and analyzing
a final design prototype with a vacuum-sealed vessel and mineral wool insulation top. The report
restated the project objectives and goals that the ISEC must satisfy for the project sponsor, Dr.
Pete Schwartz, and explained how these objectives were or were not achieved. Specifically, the
ISEC was required to be more thermally efficient, aesthetic, and safe while keeping the cost as low
as possible. Our final design succeeded in the areas of safety, durability, cost, thermal efficiency,
and ease of assembly. However, our final design also has a few unresolved issues. The rock wool
insulation top did not prove to be the best option for the top of the PCM ISEC after only performing
slightly better than the stock plastic lid of the Stanley vacuum sealed container. Furthermore, the
final design of the ISEC did not meet our requirements for sufficient internal volume.
We believe that moving forward, a potential manufactured combination of the rock wool-insulated
top and the stock plastic top could achieve the goals of increased thermal efficiency while fitting
the sleek design of the ISEC. Additionally, we recommend continued research into vacuum-sealed
vessels to find a container that fits our internal volume specification for an affordable price.
The goal of the Insulated Solar Electric Cooker is to create an efficient, easy-to-build, and
accessible solar cooker to aid the global poor and support clean cooking initiatives. After our
efforts, the ISEC is slightly more thermally efficient, significantly more aesthetic, and safer than
the previous models.
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Appendices
Appendix A: QFD
Quality Function Diagram analyzing the consumer needs and wants and comparing these to
current products that exist on the market.

A

Appendix B: Gannt Chart
The following Gannt chart outlines the key deliverables, preliminary steps and final due dates for the initial design phase of this
project. Some tasks are sequential, while others can be done in parallel. The Gannt serves as the sole project guideline to ensure all
deadlines are met and checkpoints are passed.

B

Appendix B: Gannt Chart

C

Appendix C: Pugh Matrices

D

E

F

Appendix D: Weighted Decision Matrix

Idea 1
Criteria
Easy to Assemble
Inexpensive
Thermally efficient
Portable
Aesthetics
User Interface
Easy to Clean
Safe
Large internal volume
Durable

Total

Weight
0.15
0.15
0.15
0.05
0.05
0.06
0.04
0.15
0.1
0.1

Idea 2

Idea 3

Idea 4

Idea 5

Score
5
2
2
5
4
3
4
2
3
4

Total
0.75
0.3
0.3
0.25
0.2
0.18
0.16
0.3
0.3
0.4

Score
3
1
5
2
3
4
3
4
3
3

Total
0.45
0.15
0.75
0.1
0.15
0.24
0.12
0.6
0.3
0.3

Score
2
3
2
2
4
3
5
1
3
2

Total
0.3
0.45
0.3
0.1
0.2
0.18
0.2
0.15
0.3
0.2

Score
2
3
5
2
4
3
3
4
4
4

Total
0.3
0.45
0.75
0.1
0.2
0.18
0.12
0.6
0.4
0.4

Score
2
3
1
1
2
3
1
4
2
2

Total
0.3
0.45
0.15
0.05
0.1
0.18
0.04
0.6
0.2
0.2

34

3.14

31

3.16

27

2.38

34

3.5

21

2.27

G

Appendix E: Ideation Models

Concept

Description

PCM with aluminum struts

Utilizes phase change
material and is reinforced
inside the PCM container
with aluminum struts

Portable ISEC on wheels

ISEC on wheels, designed to
be moved in and out of house
or between cooking locations

Combined solar panel and
ISEC

A singular package that
combines the solar panel and
ISEC to be manufactured and
sold in one piece.

Cooking Surface ISEC

A top that folds outwards and
allows for a surface to
prepare food on.

H

Image

Front/Top Loading ISEC

ISEC design for traditional
cooking of beans and stew as
well front-loading capacities
for other forms of food such
as pizza

Outer Insulation

Outer insulation enclosure to
limit heat loss from the inner
pot

Solar Panel

Standing configuration for
solar panel

Cooking Pot

Resistive heats glued onto
the bottom of the cooking pot

Aluminum Fins

Aluminum fins between
inner and outer pots for
thermal conductivity

I

Mylar Top Insulation

Mylar top insulation to limit
heat loss from the top

Aerogel Insulation

Basic ISEC design with
Aerogel fiberglass insulation
surrounding inner pot

Screw-on Lid

Lid with threads to secure pot
contents and a gasket to
prevent heat escaping

Straight Fins with PCM

Straight aluminum fins in
layer between inner and outer
pot where PCM is stored

String-pull Lid

Standard pot lid with flatter
top and a heat resistant
string/cable for easy removal
without using hot pads

J

Circular Fins

Cylindrical aluminum fins in
layer between inner and outer
pot where PCM is stored

K

Appendix F: Hand Calculations
Hand calculations for determining thermal resistivity of stainless-steel container and vacuumsealed container.

L

Appendix G: Design Hazard Checklist
Y

N
X

1. Will any part of the design create hazardous revolving, reciprocating, running,
shearing, punching, pressing, squeezing, drawing, cutting, rolling, mixing or
similar action, including pinch points and sheer points?



X

2. Can any part of the design undergo high accelerations/decelerations?



X



3. Will the system have any large moving masses or large forces?



X



4. Will the system produce a projectile?



X



5. Would it be possible for the system to fall under gravity creating injury?



X



6. Will a user be exposed to overhanging weights as part of the design?



X



7. Will the system have any sharp edges?



X



8. Will any part of the electrical systems not be grounded?



X



9. Will there be any large batteries or electrical voltage in the system above 40
V?



X



10. Will there be any stored energy in the system such as batteries, flywheels,
hanging weights or pressurized fluids?



X



11. Will there be any explosive or flammable liquids, gases, or dust fuel as part of
the system?



X



12. Will the user of the design be required to exert any abnormal effort or physical
posture during the use of the design?



X



13. Will there be any materials known to be hazardous to humans involved in
either the design or the manufacturing of the design?



X



14. Can the system generate high levels of noise?

X





15. Will the device/system be exposed to extreme environmental conditions such
as fog, humidity, cold, high temperatures, etc?

X





16. Is it possible for the system to be used in an unsafe manner?

X





17. Will there be any other potential hazards not listed above? If yes, please
explain on reverse.

M

Description of Hazard

Planned Corrective Action

Planned
Date

Actual
Date

Exposure to extreme
temperatures and
conditions

Choose materials that can withstand high
temperatures (aluminum) and will be
durable enough to last the lifetime of
the ISEC

11/10

2/1/21

Possibility of use in an
unsafe manner

Implement thermal fuse and thermal
switch to monitor temperature and prevent
overheating. Ensure sides of pot are
covered by insulation.

11/12

2/10/21

Potential to burn yourself
on hot pot in ISEC

Ensure sides of pot are covered by
insulation and have handles for grabbing.
Clarify in PPE and training/safety
documents that the pot could be hot at all
times.

11/12

1/15/21

N

Appendix I: Design Verification Plan & Report

O

Appendix J: Bill of Materials

P

Appendix K: Drawing Package & Parts Specifications

Q

PART NUMBER: 0111 & 0112

R

PART NUMBER: 0113

S

PART NUMBER: 0121

T

PART NUMBER: 0122

U

PART NUMBER: 0123

V

PART NUMBER: 0124

W

PART NUMBER: 0131

X

PART NUMBER: 0132

Y

PART NUMBER: 0133

Z

PART NUMBER: 0141

AA

PART NUMBER: 0151

BB

PART NUMBER: 0152

CC

Appendix L: Detailed Project Budget
Purchase Number

Item
Stanley vacuumsealed vessel

1
2

Inner cooking pot
Resistive heating
element
High temperature
wire
Thermal switch
Thermal fuse
Erythritol
Solar panel
Banana clips
Gasket maker
J-B Weld
Heater shield

3
4
5
6
7
8
9
10
11
12
Total:

DD

Price

Vendor

$47.81

Amazon

$21.54

Dick’s Sporting
Goods

$29.99

Home Depot

$15.48

Amazon

$2.15
$4.99
$15.00
$89.64
$1.01
$4.97
$5.67
$0.35
$238.60

Alibaba
Alibaba
Target
Amazon
Amazon
Home Depot
Home Depot
Home Depot

Appendix M: FMEA

EE

Appendix N: Uncertainty Propagation

FF

Appendix O: User Manual

ISEC User Manual
Potential Hazards:
There are several potential safety hazards associated with cooking with an ISEC. The main
hazard, which is also common when cooking on any typical stove range, are burns. The ISEC
can reach temperatures of up to 180 degrees Celsius. It is important to exercise caution when
cooking with the ISEC or transporting it between uses.
Operating Conditions:
Inspect the work area for possible hazards.
Clear work area of any tripping hazards.
Ensure the ISEC is on a stable surface with no possibility of tipping over during use.
Clean cooking area of any potential flammable objects or debris.

General Safety Precautions:
Make sure to wear the PPE outlined in the section below.

GG

When assembling any electrical components, be sure that there is no power being
received by the circuit.
Protect cords from accidental damage (i.e., avoid passing cords through doorways or
other pinch points and sharp edges)
Have a fire extinguisher nearby.
Personal Protective Equipment (PPE):
Protective Clothing – To prevent burns, long sleeve shirts and pants should be worn.
Closed-toed shoes are required.
Mask shall be worn at all times while using campus facility. Use a face shield if social
distancing is impossible.
First Aid:
If you touch hot metal, immediately cool the affected area under cold water for 15
minutes. Seek medical attention if needed.
If electric shock occurs, seek medical attention.
Operation:
Only work under the operation conditions outlined in the user manual.
Connect the ISEC to the solar panel and ensure there is a solid connection.
While the ISEC is powered on, do not leave the ISEC unattended or unsupervised.
Treat the ISEC like other cooking appliances and assume there are hot surfaces and
fluids.
Keep track of internal temperatures to make sure that the ISEC does not exceed safe
operation temperatures.
If at any time there appears to be abnormal behavior, immediately disconnect the power
to the ISEC.
When not in use, disconnect the solar panel from the ISEC.

Assembly Instructions:
1) Move ISEC and solar panel into a sunny area.
2) Connect the wires extruding from the ISEC to the solar panel using banana clips and long
wire leads.
3) Use a multimeter to ensure that current is running through the system.
4) Monitor ISEC temperature using thermometer or data acquisition system (DAQ).
5) Begin cooking, staying aware of hot surfaces and materials.

HH

II

Repair Instructions:
1) If the ISEC is not heating, first make sure the ISEC has completely cooled before
handling.
2) Use a multimeter to check if current is running through the system.
3) If current is not running through system, use a heat gun to melt the erythritol and remove
the inner cooking pot (make sure to wear all PPE outlined above).

JJ

KK

4) Once inner cooking pot has been removed and cooled to room temperature, check the
connections on the thermal switch, thermal fuse, and resistive heater.

5) If connections have broken, make sure all surfaces are cool and the ISEC is unconnected
before reattaching the wires.
6) Once connections are restored, melt erythritol and replace inner cooking pot.
7) Wait for the system to cool, and repeat the steps outlined in Assembly Instructions.

LL

Full Parts List:
Purchase Number
1
2
3
4
5
6
7
8
9
10
11
12
13

Item
Stanley vacuumsealed vessel
Inner cooking pot
Resistive heating
element
Corrosion-resistant
wire
Thermal switch
Thermal fuse
Erythritol
Solar panel
Banana clips
RTV Gasket maker
J-B Weld
Heater shield
Rock wool insulation
Total:

MM

Price

Vendor

$47.81

Amazon

$21.54

Dick’s Sporting
Goods

$29.99

Home Depot

$15.48

Amazon

$2.15
$4.99
$15.00
$89.64
$1.01
$4.97
$5.67
$0.35
$11.99
$238.60

Alibaba
Alibaba
Target
Amazon
Amazon
Home Depot
Home Depot
Home Depot
Grainger

